In the current (2011) edition of 'Guidelines for Drinking-water Quality', the World Health Organization sets the guideline value for the concentration of lead in drinking water at 10 μg/L. This value, however, is a provisional one on the basis of treatment performance and analytical achievability. It is extremely difficult to achieve lower concentrations by central conditioning, such as phosphate dosing. Council Directive 98/83/EC of 3 November 1998 on the quality of water intended for human consumption has set 10 μg/L as a target parametric value. The parametric value was 25 μg/L until December 2013. In Poland, the 10 μg/L standard came into force on 1 January 2013. A tap survey based on random daytime sampling (RDT) was conducted in 15 water supply zones in Poland. A total of 1440 RDT samples were collected during the period 2007-2012. The survey revealed that on average 8.4% of samples collected show lead concentrations exceeding 10 μg/L. In some water supply zones, the percentage of non-compliant samples reached 60%. This suggests that a substantial number of water companies in Poland will have to undertake significant measures to achieve proper quality standards in water supplied to consumers.
It was the first document concerning the quality of water intended for human consumption. On the base of health criteria, WHO recommended a maximum acceptable concentration of lead in drinking water of 100 μg/L. This value was lowered to 50 μg/L in the second edition in 1963 (WHO ). The upper concentration limit was decreased further to 10 μg/L in the third edition (WHO ). This level was accepted in many countries because such water had been consumed for many years without apparent ill effects and it was difficult to reach a lower level in countries where lead pipes were used.
In the first edition of the 'WHO Guidelines for Drinkingwater Quality' (WHO ) a health-based guideline value of 50 μg/L was recommended. In the second edition, published in 1993, WHO proposed a health-based value of 10 μg/L (WHO ). The guideline value was established on the basis of the provisional tolerable weekly intake (PTWI) calculated by a Joint FAO/WHO Expert Committee on Food Additives (JECFA) for infants and children, as infants are considered to be the most sensitive subgroup of the population.
This guideline value was maintained in the third edition (WHO ). In its latest edition of 'Guidelines', the concentration of 10 μg/L was proposed as a provisional value (WHO ). Because the dose-response analyses do not provide any indication of a threshold for the key effects of lead, JECFA concluded that it was not possible to establish a new PTWI that would be considered to be health protective and it was withdrawn. JECFA reaffirmed that because of the neurodevelopmental effects, fetuses, infants and children are the subgroups that are most sensitive to lead.
The first EU Drinking Water Directive (80/778/EC) set a standard for lead in drinking water of 50 μg/L (EC ).
Most Member States interpreted the qualification 'in running water' to mean that either the standard applied to the water flowing through the distribution network or it applied to samples taken after flushing from consumer taps. With this approach, very few or no problems with lead in drinking water were identified in these countries.
The 'Council Directive 98/83/EC of 3 November 1998 on the quality of water intended for human consumption' speci- In Poland, national sanitary regulations followed WHO guidelines. In 1961, the Polish Health Minister specified a standard for lead in drinking water of 100 μg/L. The standard was lowered to 50 μg/L in 1990 and then to 10 μg/L in 2000, but in 2002 the standard value was revised back to 50 μg/L. In this regulation an interim standard of 25 μg/L was set (for the period from 1 January 2006 to 31 December 2012) and a final standard of 10 μg/L (to come into force on 1 January 2013). This was confirmed in the two following regulations issued in 2007 and 2010 which means that Poland is practically one year ahead of all other EC countries in enforcing the 0.01 mg/L standard for lead.
For nearly 10% of Polish water supplies it may be difficult to fulfil this stringent standard. Despite the fact that lead was never commonly used in water supply systems in Poland, there are documented cases of the presence of lead in drinking water with concentrations exceeding 25 μg/L and even 100 μg/L (Postawa & Witczak ).
Cases with lead concentrations exceeding 10 μg/L in distributed water are much more common. One must remember that if distributed water contains lead in concentrations slightly below 10 μg/L, it should be expected that it may be difficult to meet the lead standard at consumers' taps (Skotak et al. ) . In contact with brass fittings, especially those of poor quality, water can easily be 'enriched' in lead to concentrations above the standard value of 10 μg/L. 
MATERIALS AND METHODS

Sampling issues
The current EU Drinking Water Directive 98/83/EC states that the parametric value applies to a sample of water intended for human consumption obtained by an adequate sampling method at the tap and taken so as to be representative of a weekly average value ingested by consumers. The sampling and monitoring methods must be applied in a harmonised fashion and must take account of the occurrence of peak levels that may cause adverse effects on human health (EC ). The problem of implementing this note through practical sampling and monitoring schemes has not been solved by the Member States. As a result there are still many different sampling methods used in European countries. The most common are:
• routine spot sampling from selected points considered to be representative of the supply as a whole. Samples are usually taken after prolonged flushing (FF);
• stagnation sampling at selected reference points or using pipe rigsthe sample is taken after a specified contact time with the metal pipe;
• random daytime sampling (RDT)a dwelling is selected at random and a sample of 1 L is taken from the point of use (kitchen tap) without flushing.
It is not surprising that using different methods we obtain different, not comparable and not reliable, representative results.
Extensive studies conducted in the 1990s proved that in terms of cost, practicality and consumer acceptance the 
Areas investigated
Poland is probably the EU country with the highest number of water supply companies (over 12,000 in 2007). Small water supply companies with a daily production of less than 1,000 m 3 dominate the Polish water supply system.
The number of water supply companies and the production of drinking water has been systematically decreasing during the last decade due to the reconstruction of the economy, which is a typical situation for East European countries.
Groundwater has become the dominant source of drinking water, providing about 70% of the total supply. The following were considered as the main criteria for selection:
• number of consumers in the supply zone exceeding 5,000;
• chemical composition of raw water and treated water (presence of lead, high concentrations of iron and/or manganese);
• materials used in the distribution network (reported presence of lead pipes);
• age of buildings and pipework in a water supply zone exceeding 30 years;
• prior problems with high concentrations of metals reported by a sanitary inspection or customers.
The locations of the selected water supply zones are presented in Figure 2 . In most cities, groundwater intakes serve as a source of raw water. In one case (Poznan) the zone selected is supplied from an infiltration intake. Two zones are supplied with a mixture of infiltration and surface waters -Warsaw, and infiltration water and groundwater -Nowy Sacz. The materials used in the distribution network are presented in Table 1 . Those used most frequently are cast iron, steel and PVC.
In all sampling locations, householders and operators of distribution networks were asked about the materials and age of the pipes used for making domestic pipework, connections to the mains and the mains themselves.
Unfortunately there is very limited knowledge of this kind of information amongst householders. Over 55% of them declare no knowledge of the age of connection pipes or the materials that have been used. There are no official records of the use of lead pipes for mains or connections to them in any of the zones investigated. However, the presence of connecting pipes made of lead was reported by owners or administrators in a few buildings in Krakow, Jaworzno, Choszczno and Raciborz, usually constructed before the Second World War. In all investigated water supplies, at least 50% of the buildings and distribution networks were constructed at least 30 years ago. In some zones (Raciborz, Kamienna Gora) the oldest parts of the distribution networks are more than 100 years old.
Analytical procedures
All the samples investigated were delivered to a laboratory within 24 hours of collection. In the laboratory, samples were divided and a portion of each sample was acidified with nitric acid to pH <2 and then analysed for lead (and other metals). The remaining portion was used for other determinations (alkalinity, chlorides and sulphates). In all cases, the limit of determination was lower than 0.001 mg Pb/L, as is required by the drinking water directive 98/83/EC (EC ).
RESULTS AND DISCUSSION
The aggregated results of the tap surveys conducted in the years 2007-2012 revealed that 8.4% of the samples collected showed a lead content exceeding 10 μg/L (Figure 3) . However, it should be remembered that averaging unifies and 'dissolves' the problem. It reflects the general situation at national level but, in practice, lead problems in some water supply zones are much more serious than in the others.
According to the classification presented in a 'Best Prac- Any disturbance of the loose deposits can cause elevated give any information about the material from which the connection pipes were made and none of them had any knowledge of the presence of lead pipes. On the other hand, over 40% of them declared that fittings were installed within the last 10 years.
; IWA , ). High concentrations of lead in FF
The chemical composition of the water supplied to this zone does not give a clear indication of possible lead problems. The source of raw water during a tap survey was groundwater from the Galmany intake. Historical data indicate that in distributed water coming from the Galmany intake, lead concentration was sporadically up to 20 μg/L.
Due to varying water demand and other technical conditions, the water sources supplying this zone periodically change. On average 34% of the water comes from groundwater intakes: Galmany (34%), Dobra (14%), Jaroslaw Dabrowski (7.5%) and Bielany (0.5%), and the dewatering system of the Jaworzno sand pit (43%). The final water is of low to moderate alkalinity (Table 2) Considering all the factors mentioned above, it should be stated that without immediate system-wide measures it will not be possible to achieve compliance with the 10 μg/L standard. The most appropriate, but most expensive, way to solve this problem seems to be the total replacement of all corroded pipes in the distribution network and domestic installations.
However, this solution is not acceptable from an economic standpoint.
Ortho-phosphate dosing proved to be a very successful way of reducing the concentration of lead at consumers' taps. Experience from the UK has shown that this method can effectively help to eliminate the lead problem. According to Hayes et al. () , using ortho-phosphate dosing it is possible to achieve over 99% compliance with the standard of 10 mg/L. This process will not bring an immediate reduction in lead concentrations. Setting a new equilibrium in a system may take from a few months to several years.
A surprising relationship can be observed (see Table 2 ):
there are numerous cases of high lead content in drinking water connected with water supply zones in which groundwater is the source of the raw water (e.g. Jaworzno,
Kamienna Gora, Myszkow, Choszczno). This is interesting since according to the widely accepted view, lead in drinking water is not a natural constituent of raw water but is released from materials used in the construction of the distribution network, the connections and the internal installations and fittings (IWA ). On the other hand, in most cases high concentrations of iron and manganese often accompany increased concentrations of lead. This may attest to the existence of a general problem of corrosion of the distribution network. An additional factor is that the water from groundwater intakes is very often supplied to a distribution network without any treatment or after very basic treatment such as iron and manganese removal.
Water from surface intakes is usually subject to a much more advanced treatment process which includes alkalinity and pH correction. The chemical stability of water can also be controlled. However, even the most advanced treatment will not guarantee 100% compliance with the 10 μg/L standard if the distribution network and/or connection and/or internal pipework are in poor condition or if materials containing lead were used.
CONCLUSIONS
The data collected indicate that many water supplies in RDT at consumers' taps seems to be the most appropriate method for determining the extent of problems with lead in drinking water within a supply zone. However, the number of samples taken must be far greater than the minimum sampling frequencies required by the EU drinking water directive and Polish national regulations.
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